Obstruction of armoured tracheal tubes: case report and discussion
Reusable armoured silicone tracheal tubes have been introduced as an alternative to latex rubber. Complications resulting from their use may be alarming because of the difficult nature of the cases for which armoured tubes are chosen. One such episode is reported and alternative methods and materials are reviewed.
Case report
An 82-year-old female scheduled for ophthalmic surgery was anaesthetised with etomidate 14 rag and aleuronium 15 rag. She was intubated with anew size 8.0 mm cuffed armourcd silicone rubber tracheal tube (Aire cuf ~ Bivona surgical) and bilateral air entry was assured. Anaesthesia was maintained with 67 per cent nitrous oxide and one per cent enflurane, delivered from volume preset, time cycled ventilator (Blease Medical, Deansway, Chesham, Bucks, U.K). Shortly after induction, the inflation pressure rose from 10 em HsO to 30 cm H20, accompanied by decreased air entry to the left lung and wheezing was found on auscultation. Endebronchial intubation was suspected and the cuff was deflated and the tube withdrawn a short distance. The euff was re-inflated and the airway pressure subsequently rose and respiratory obstruction became apparent. The cuff was again deflated and the tracheal tube was replaced with a cuffed red rubber tube, resulting in immediate improvement. Subsequent examination of
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the silicone tube showed that the cuff inflated asymmetrically inside the barrel of a 20ml syringe, causing herniation of the cuff towards the lumen of the tube. Also the tip of the tube could be easily deformed.
Of the 20 new tubes tested, five more were found with faulty cuffs and soft tips (Figures 1 and 2 ). As a result of this incident, two different types of polyvinyl chloride (PVC) tracheal tube were evaluated under standardized conditions.
Methods
Adult patients presenting for transnasal pituitary surgery were anaesthetised nsing a standard technique of induction with thiopentone 4.0 mg .kg i and alcuronium 0.35 nag. kg -1 . Nitrous oxide 67% in oxygen and one pet cent isoflurane were used for maintenance, delivered by a volume preset, time-cycled ventilator. Two types of disposable tracheal tube from the same manufacturer were studied, the R.A.E. | preformed PVC oral cuffed tube, and a wire reinforced cuffed oral PVC tube (Mallinkrodt (U,K.) Ltd., I 1 North Portway Close, Round Spinney, Northampton NN3 4RQ). Care was taken to avoid extreme flexion of the neck or pressure on the tracheal tube. Cuffs were inflated with just enough air to prevent leaking of anaesthetic gases in inflation. Airway pressure and end-tidal carbon dioxide concentration were monitored continuously. The cuff of each tube was inflated inside the barrel of a 2Oral syringe before and after use, and any deformity recorded.
Results
There were 20 patients in each group, of comparable age, weight and sex. There were no problems associated with airway management in either group. Two wire-reinforced tubes were indented by patients' teeth during reversal of anaesthesia, without compromising the airway. All of the cuffs of the RAE tubes could be deformed if over-inflated inside the syringe barrel. If traction was applied to the tube alter over-inflation, the cuff would roll forward towards the lumen of the tube. It was not possible, however, to actually produce obstruction of the lumen using this technique. The smaller cuffs of the reinforced tubes could not be deformed in this fashion. 
Discussion
Problems with tracheal tubes are not always obvious, and obstruction is rarely complete. Asymmetrical cuff inflation can cause obstruction by pressing the bevel against the tracheal wall, and by herniation of the cuff into the lumen. Gillespie ~ warned of the hazard of an overinflated cuff and used a glass tube to demonstrate the effect. The fast death attributed to this phenomenon was reported by Waters and Gillespie 2 in 1944. Subsequently several authors have highlighted this problem 3-6. A recent quality assurance study of latex armoured tubes 7 found that uncontrolled reuse resulted in a failure rate of 11 per cent and that uneven inflation was the most common fault. Obstruction due to folding of a soft unprotected tip has also been noted by several authors using armoured tubes, a-t1
The results of this small study show that both plain and armoured tracheal tubes made of PVC can be safely used for operation on the head and neck, confirming earlier reports of the safe use of disposable tubes for neuroanaesthetic procedures, t2, t3 Obstruction of non-armoured PVC tubes has been reported, caused by overinflation of high volume cuffs t4'lS and extreme flexion of the neck in the ' ' 16 prone posmon. We conclude from this that provided precautions are taken to avoid extreme flexion of the neck and hyperinflation of the cuff, disposable PVC tracheal tubes are the safest method of airway protection when operating on the head or neck. Low volume cuffs are not prone to asymmetrical distortion and are less likely to result in obstruction due to hyperinflation. The choice of wire reinforcement will be dictated by the nature of the operation and personal preferences. Any economic saving made by re-use of rubber tracheal tubes is likely to be at the expense of patient safety 7 and cannot in our view be justified. In conclusion, the presence of an armoured tracheal tube cannot be regarded as a guarantee of a clear airway, and is no substitute for vigilance on behalf of the anaesthetist. 
